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The Message of Science. 

By Sir Richard Gregory. 


I T is just forty years ago, at the York Meeting 
in 1881, that a committee was appointed “to 
arrange for a conference of delegates from scien¬ 
tific societies to be held at the annual meetings of 
the British Association, with a view to promote 
the interests of the societies represented by in¬ 
ducing them to undertake definite systematic work 
on a uniform plan.” The Association had been in 
existence for fifty years before it thus became a 
bond of union between local scientific societies in 
order to secure united action with regard to com¬ 
mon interests. Throughout the whole period of 
ninety years it has been concerned with the 
advancement and diffusion of natural knowledge 
and its applications. The addresses and papers 
read before the various sections have dealt with 
new observations and developments of scientific 
interest or practical value; and, as in scientific 
and technical societies generally, questions of pro¬ 
fessional status and emolument have rarely been 
discussed. The port of science—whether pure or 
applied.—is free, and a modest yawl can find a 
berth in it as readily as a splendid merchantman, 
provided that it has a cargo to discharge. Neither 
the turmoil of war nor the welter of social unrest 
has prevented explorers of uncharted seas from 
crossing the bar and bringing their argosies to 
the quayside, where fruits and seeds, rich ores 
and precious stones have been piled in profusion 
for the creation of wealth, the comforts of life, 
or the purpose of death, according as they are 
selected and used. 

All that these pioneers of science have asked 
for is for vessels to be chartered to 
enable them to make voyages of discovery to 
unknown lands. Many have been private adven¬ 
turers, and few have shared in the riches they 
have brought into port. Corporations and Gov¬ 
ernments are now eager to provide ships which 
will bring them profitable freights, and to pay 
bounties to the crews, but this service is 
dominated by the commercial spirit which expects 
immediate returns, for investments, and mariners 
who enter it are no longer free to sail in any direc¬ 
tion they please or to enter whatever creek 
attracts them. The purpose is to secure some¬ 
thing of direct profit or use, and not that of dis¬ 
covery 1 alone, by which the greatest advances of 
science have hitherto been achieved. 

To the man of science discoveries signify exten¬ 
sions of the field of work, and he usually leaves 
their exploitation to prospectors who follow him. 
His motives are intellectual advancement, and not 
the production of something from which financial 
gain may be secured. For generations he has 
worked in faith purely for the love of knowledge, 
and has enriched mankind with the fruits of his 
labours; but this altruistic attribute is undergoing 

l Abridged from the presidential address^delivered to the Conference of 
Delegates of Corresponding Societies of the British Association at Edin¬ 
burgh on September 8. 
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a change. Scientific workers are beginning to 
ask what the community owes to them, and what 
use has been made of the talents entrusted to it. 
They have created stores of wealth beyond the 
dreams of avarice, and of power unlimited, and 
these resources have been used to convert beauti¬ 
ful countrysides into grimy centres of industrial¬ 
ism, and’ to construct weapons of death of such 
diabolical character that civilised man ought to 
hang his head in shame at their use. 

Mankind has, indeed, proved itself unworthy 
of the gifts which science has placed at its dis¬ 
posal, with the result that squalid surroundings 
and squandered life are the characteristics of 
modern Western civilisation, instead of social con¬ 
ditions and ethical ideals superior to those of any 
other epoch. Responsibility for this does not lie 
with scientific discoverers, hut with statesmen and 
democracy. Like the gifts of God, those of 
science can be made either a blessing or a curse, 
to glorify the human race or to destroy it; and 
upon civilised man himself rests the decision as 
to the course to follow. With science as an ally, 
and the citadels of ignorance and self as the objec¬ 
tive, he can transform the world, but if he neglects 
the guidance which knowledge can give, and 
prefers to be led by the phrases of rhetoricians, 
this planet will become a place of dust and ashes. 

Unsatisfactory social conditions are not a neces¬ 
sary consequence of the advance of science, but 
of incapacity to use it rightly. Whatever may be 
said of captains of industry or princes of com¬ 
merce, scientific men themselves cannot be 
accused of amassing riches at the expense of 
labour, or of having neglected to put into force 
the laws of healthy social life. Power—financial 
and political—has been in the hands of people 
who know nothing of science, not even that of 
man himself, and it is they who should be 
arraigned at the bar of public justice for their 
failure to use for the welfare of all the scientific 
knowledge offered to all. Science should dis¬ 
sociate itself entirely from those who have thus 
abused its favours, and not permit the public to 
believe it is the emblem of all that is gross and 
material and destructive in modern civilisation. 
There was a time when intelligent working men 
idealised science ; now they mostly regard it with 
distrust or are unmoved by its aims, believing it 
to be part of a soul-destroying economic system. 
The obligation is upon men of science to restore 
the former feeling by removing their academic 
robes and entering into social movements as 
citizens whose motives are above suspicion and 
whose knowledge is at the service of the com¬ 
munity for the promotion of the greatest good. 
The public mind has yet to understand that science 
is the pituitary body of the social organism, and 
without it there can be no healthy growth in 
modern life, mentally or physically. 

This conference of delegates provides the most 
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appropriate platform of all those offered by the 
British Association from which a message of ex¬ 
hortation may be given. There are now 130 
corresponding societies of the Association, with 
a total membership of about 52,000, and their 
representatives should every year go back not 
only strong with zeal for new knowledge, but also 
as ministers filled with the sense of duty to inspire 
others to trust in it. In mechanics work is not 
considered to be done until the point of applica¬ 
tion of the force is moved; and knowledge, like 
energy, is of no practical value unless it is 
dynamic. The scientific society which shuts itself 
up in a house where a favoured few can contem¬ 
plate its intellectual riches is no better than a 
group of misers in its relations to the community 
around it. The time has come for a crusade 
which will plant the flag of scientific truth in a 
bold position in every province of the modern 
world. If you believe in the cause of disciplined 
reason you will respond to the call and help to 
lift civilised man out of the morass in. which he 
is now struggling, and set him on sound ground 
with his face toward the light. 

It is not by discoveries, alone, and the records 
of them in volumes rarely consulted, that science 
is advanced, but by the diffusion of knowledge 
and the direction of men’s minds and actions 
through it. In these democratic days no one 
accepts as a working social ideal Aristotle’s view 
of a small and highly cultivated aristocracy pur¬ 
suing the arts and sciences in secluded groves 
and maintained by manual workers excluded from 
citizenship. Artisans to-day have quite as much 
leisure as members of professional classes, and 
science can assist in encouraging the worthy em¬ 
ployment of it. This end can be attained by co¬ 
operative action between local scientific societies 
and representative organisations of labour. There 
should be close association and a common fellow- 
ship, and no suggestion of superior philosophers 
descending from the clouds to dispense gifts to 
plebeian assemblies. It should also always be 
remembered that a cause must have a soul as well 
as a body. The function of a mission-hall is dif¬ 
ferent from that of a cinema-house or other place 
of entertainment, and manifestations of the spirit 
of science are more uplifting than the most in¬ 
structive descriptive lectures. 

Science needs champions and advocates in 
addition to actual makers of new knowledge and 
exponents of it. There are now more workers 
in scientific fields than at any other time, yet rela¬ 
tively less is done to create enthusiasm for their 
labour and regard for its results than was accom¬ 
plished fifty years ago. Every social or religious 
movement passes through like stages, from that 
of fervent belief to formal ritual. In science 
specialisation is essential for progress, but the 
price which has to be paid for it is loss of contact 
with the general body of knowledge. Concentra¬ 
tion upon any particular subject tends to make 
people indifferent to the aims and work of others; 
for, while high magnifying powers enable minute 
details to be discerned, the field of vision is cor- 
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respondingly narrowed, and the relation of the 
structure as a whole to pulsating life around it 
is unperceived. 

As successful research is now necessarily limited 
for the most part to complex ideas and intricate 
details requiring special knowledge to comprehend 
them, very special aptitude is required to present 
it in such a way as will awaken the interest of 
people familiar only with the vocabulary of every¬ 
day life. In the scientific world the way to dis¬ 
tinction is discovery, and not exposition, and 
rarely are the two faculties combined. Most 
investigators are so closely absorbed in their re¬ 
searches that they are indifferent as to whether 
people in general know anything of the results 
or not. But where one person will exercise his 
intelligence to understand the description of a 
new natural fact or principle a thousand are ready 
to admire the high purpose of a scientific quest 
and reverence the disinterested service rendered 
by it: to humanity. The record of discovery or 
description of progress is, therefore, only one 
function of a local scientific society ; beyond this 
is the duty of using the light of science to reveal 
the dangers of ignorance in high as well as in 
low places. Though in most societies there is 
only a small nucleus of working members, the 
others are capable of being interested in results 
achieved, and a few may be so stimulated by them 
as to become just and worthy knights of science, 
ready to remove any dragons which stand in the 
way of human progress, and continually uphold¬ 
ing the virtues of their mistress. 

Every local scientific society should be a train- 
ing ground for these Sir Galahads, and an out¬ 
post of the empire of knowledge. The community 
should look to it for protection from dangers 
within and without the settlement, and for assist¬ 
ance in pressing further forward into the sur¬ 
rounding woods of obscurity. At present it is 
unusual for this civic responsibility to be accepted 
by a scientific society, with the result that local 
movements are undertaken without the guidance 
necessary to make them successful. A local 
scientific society should be the natural body for 
the civic authority to consult before any action is 
taken in which scientific knowledge will be of ser¬ 
vice. It should be to the city or county in which 
it is situated what the Royal Society is to the 
State, and not a thing apart from public life and 
affairs. 

When wisdom is justified of her children, and 
local scientific societies are no longer esoteric 
circles, but effective groups of enlightened citizens 
of all classes, they will provide the touchstone by 
which fact is distinguished from assertion and 
promise from performance. As the sun draws 
into our system all substantial bodies which come 
within its sphere of influence, while the pressure 
of sunlight drives away the fine dust which would 
tend to obscure one body from another, so a 
local scientific society possesses the power of 
attracting within itself all people of weight in the 
region around it and! of dispersing the mist and 
fog which commonly prevail in the social atmo- 
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sphere. Thus may the forces of modern civilisa¬ 
tion, moral and material, be brought together, and 
an allied plan of campaign be instituted against 
the armies of ignorance and sloth. The service is 
that of truth, the discipline that of scientific inves¬ 
tigation, and the unifying aim human well-being. 
Kingsley long ago expressed the democratic basis 
upon which this fellowship is founded; and 
when he delivered his message artisans were 
crowding in thousands in Manchester and other 
populous places to lectures by leaders in the scien¬ 
tific world of that time. Labour then welcomed 
science as its ally in the struggle for civil rights 
and spiritual liberty. That battle has been fought 
and won, and subjects in bitter dispute fifty years 
ago now repose in the limbo of forgotten things. 

There is no longer a conflict between religion 
and science, and labour can assert its claims in the 
market-place or council house without fear of 
repression. Science is likewise free to pursue its 
own researches and apply its own principles and 
methods within the realm of observable pheno¬ 
mena, and it does not desire to usurp the functions 
of faith in sacred dogmas to be perpetually 
retained and infallibly declared. The Royal 
Society of London was founded for the extension 
of natural knowledge in contra-distinction to the 
supernatural, and it is content to leave other 
philosophers to describe the world beyond the 
domain of observation and experiment. When, 
however, phenomena belonging to the natural 
world are made subjects of supernatural revelation 
or uncritical inquiry, science has the right to pre¬ 
sent an attitude of suspicion towards them. Its 
only interest in mysteries is to discover the natural 
meaning of them. It does not need messages 
from the spirit world to acquire a few elementary 
facts relating to the stellar universe, and it must 
ask for resistless evidence before observations 
contrary to all natural law are accepted as scien¬ 
tific truth. If there are circumstances in which 
matter may be divested of the property of mass, 
fairies may be photographed, lucky charms may 
determine physical events, magnetic people dis¬ 
turb compass needles, and so on, by all means 
let them be investigated, but the burden of proof 
is upon those w'ho believe in them and every 
witness will be challenged at the bar of scientific 
opinion. 

We do not want to go back to the days when 
absolute credulity was inculcated as a virtue and 
doubt punished as a crime. It is easy to find in 
works of uncritical observers of medieval times 
most circumstantial accounts of all kinds of 
astonishing manifestations, but we are not com¬ 
pelled to accept the records as scientifically accu¬ 
rate and to provide natural explanations of them. 
We need not doubt the sincerity of the observer 
even when we decline to accept his testimony as 
scientific truth. The maxim that “ seeing is 
believing ” may be sound enough doctrine for the 
majority of people, but it is insufficient as a prin¬ 
ciple of scientific inquiry. For thousands of years 
it led men to believe that the earth was the centre 
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of the universe, with the sun and other celestial 
bodies circling round it, and controlling the 
destiny of man, yet what seemed obvious was 
shown by Copernicus to be untrue. This was the 
beginning of the liberation of human life and 
intellect from the maze of puerile description and 
philosophic conception. Careful observation and 
crucial experiment later took the place of personal 
assertion and showed that events in Nature are 
determined by permanent law and are not subject 
to haphazard changes by supernatural agencies. 
When this position was gained by science, belief 
in astrology, necromancy, and sorcery of every 
kind began to decline, and men learned that they 
were masters of their own destinies. The late 
war is responsible for a recrudescence of these 
medieval superstitions, but if natural science is 
true to the principles by wdiich it has advanced it 
will continue to bring to bear upon them the 
piercing light by which civilised man was freed 
from their baleful consequences. 

There is abundant need for the use of the 
intellectual enlightenment which science can 
supply to counteract the ever-present tendency of 
humanity to revert to primitive ideas. Fifty 
years of compulsory education are but a moment 
in the history of man’s development, and their 
influence is as nothing in comparison with instincts 
derived from our early ancestors and traditions of 
more recent times grafted upon them. So little is 
known of science that to most people old women’s 
tales or the unsupported words of a casual on¬ 
looker are as credible as the statements and con¬ 
clusions of the most careful observers. Where 
exact knowledge exists, however, to place opinion 
by the side of fact is to blow a bubble into a flame. 
Within its own domain science is concerned not 
with belief—except as a subject of inquiry—but 
with evidence. It claims the right to test all 
things in order to be able to hold fast to that 
which is good. It declines to accept popular 
beliefs as to thunderbolts; living frogs and toads 
embedded in blocks of coal or other hard rock 
without an opening, though the rock was formed 
millions of years ago and all fossils found in it are 
crushed as flat as paper; the inheritance of 
microbic diseases; the production of rain by ex¬ 
plosions when the air is far removed from its 
saturation point; the influence of the moon on the 
weather or of underground water upon a twig held 
by a dowser, and dozens of like fallacies, solely 
because when weighed in the balance they have 
been found w'anting in scientific truth. Its only 
interest in mysteries is that of inquiring into them 
and finding a natural reason for them. Mystery 
is thus not destroyed by knowledge but removed 
to a higher plane. 

Never let it be acknowledged that science 
destroys imagination, for the reverse is the truth. 
“The Gods are dead,” said W. E. Henley, 

“the world, a world of prose, 

Full-crammed with facts, in science swathed and sheeted, 

Nods in a stertorous after-dinner doze! 

Plangent and sad, in every wind that blows 
Who will may hear the sorry words repeated .*— 

‘The go "Is are dead.’” 
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It is true that the old idols of wood and stone 
are gone, but far nobler conceptions have taken 
their place. The universe no longer consists of a 
few thousand lamps lit nightly by angel torches, 
but millions of suns moving in the infinite azure, 
into which the mind of man is continually pene¬ 
trating further. Astronomy shows that realms of 
celestial light exist where darkness was supposed 
to prevail, while scientific imagination enables 
obscure stars to be found which can never be 
brought within the sense of human vision, the 
invisible lattice work of crystals to be discerned, 
and the movements of constituent particles of 
atoms to be determined as accurately as those of 
planets around the sun. The greatest advances of 
science are made by the disciplined use of 
imagination; but in this field the picture conceived 
is always presented to Nature for approval or 
rejection, and her decision upon it is final. In 
contemporary art, literature, and drama imagina¬ 
tion may be dead, but not in science, which can 
provide hundreds of arresting ideas awaiting 
beautiful expression by pen and pencil. It has 
been said that the purpose of poetry is not truth, 
but pleasure; yet, even if this definition be 
accepted, we submit that insight into the mys¬ 
teries of Nature should exalt, rather than repress, 
the poetic spirit, and be used to enrich verse, as 
it was by some of the world’s greatest poets— 
Lucretius, Dante, Milton, Goethe, Tennyson, and 
Browning. With one or two brilliant exceptions, 
popular writers of the present day are completely 
oblivious to the knowledge gained by scientific 
study, and unmoved by the message which science 
is alone able to give. Unbounded riches have 
been placed before them, yet they continue to 
rake the muck-heap of animal passions and stir 
the froth of sloppy sentiment for themes of com¬ 
position. Not by their works shall we become 
M children of light, ’ ’ but by the indomitable spirit 
of man ever straining upwards to reach the 
stars. 

Where there is ignorance of natural laws all 
physical phenomena are referred to supernatural 
causes. Disease is accepted as Divine punish¬ 
ment to be met by prayer and fasting, or the act 
of a secret enemy in communion with evil spirits. 
Because of these beliefs thousands of innocent 
people were formerly burnt and tortured as witches 
and sorcerers, while .many thousands more paid in 
devastating pestilences the penalty which Nature 
inevitably exacts for crimes against her. In one 
sense it may be said that the human race gets the 
diseases it deserves; but the sins are those of 
ignorance and neglect of physical laws rather than 
against spiritual ordinances. Plague is not now 
explained by supposed iniquities of the Jews or 
conjunctions of particular planets, but by the 
presence of an organism conveyed by .fleas from 
rats; malaria and yellow fever are conquered by 
destroying the breeding places of mosquitoes; 
typhus fever by getting rid of lice; typhoid by 
cleanliness; tuberculosis by improved housing; 
and most other diseases by following the teachings 
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of science concerning them. Though the mind 
does undoubtedly influence the resistance of the 
body to invasion by microbes, it cannot create the 
specific organism of any disease, and the responsi¬ 
bility of showing how to keep such germs under 
control, and prevent, therefore, the poverty and 
distress due to them, is a scientific rather than a 
spiritual duty. 

The methods of science are pursued whenever 
observations are made critically, recorded faith¬ 
fully, and tested rigidly, with the object of using 
conclusions based upon them as stepping-stones 
to further progress. They demand an impartial 
attitude towards evidence and fearless judgment 
upon it. These are the principles by which the 
foundations of science have been laid', and a noble 
structure of natural knowledge erected upon 
them. A scientific inquiry is understood to be 
one undertaken solely with the view of arriving 
at the truth, and this disinterested motive will 
always command public confidence. It is poles 
apart from the spirit in which social and political 
subjects are discussed: it is the rock against 
which waves of emotion and storms of rhetoric 
lash themselves in vain. If political science were 
guided by the same methods it would present an 
open mind to all sides of a question, weighing 
objections to proposals as justly as reasons in 
support of them, whereas usually it sees only the 
views of a particular class or party, and cannot 
be trusted, therefore, to strike a judicial balance. 
The methods of science should be the methods 
applied to social problems if sound principles of 
progress are to be determined. When they are 
so used a statesman will be judged, as a scientific 
man is judged, by correct observation, just infer¬ 
ence, and verified prediction; in their absence 
politics will remain stranded on the shifting sands 
of barter, concession, and expediency. 

Local scientific societies should provide a 
common forum where workers with hand or brain 
can meet to consider new ideas and discuss judi¬ 
cially the significance of scientific discovery or 
applied device in relation to human progress. At 
present such societies are mostly out of touch with 
these practical aspects of knowledge, and are more 
.interested in prehistoric pottery than in the living 
world around them. Most of those connected with 
the British Association are concerned with natural 
history, but all scientific societies in a district 
should form a federation to proclaim the message 
of knowledge from the house-tops. Men are 
ready to listen to the gospel of science and to 
believe in its power and its guidance, but its 
disciples disregard the appeal arid are content to 
let others minister to the throbbing human heart. 
Civilisation awaits the lead which science can give 
in the name of wisdom and truth and unprejudiced 
inquiry into all things visible and invisible, but 
the missionary spirit which would make men eager 
to declare this noble message to the world has yet 
to be created. 

This is as true of the British Association itself 
as it is of local scientific societies. It seems to 
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be forgotten that one-of the functions of the Asso¬ 
ciation is to inspire belief and confidence in science, 
as the chief formative factor of modern life, and 
not only to display discoveries or enable specialists 
to discuss technical advances in segregated sec¬ 
tions. Though members of the Association may 
be able to live on scientific bread alone, most of 
the community in any place of meeting need some¬ 
thing more spiritual to awaken in them the 
admiration and belief which beget confidence and 
hope. They ask for a trumpet-call which will 
unite the forces of natural and social science, and 
are unmoved by the parade of trophies of scien¬ 
tific conquests displayed to them. It was the 
primary purpose of Canon W. V, Harcourt, the 
chief founder of this Association and its general 
secretary from 1831 to 1837, to sound this note 
for “ the stimulation of interest in science at the 
various places of meeting, and through it the 


provision of funds for carrying on research,” and 
not for ‘‘ the discussion of scientific subjects in 
the sections.” In the course of time these sec¬ 
tional discussions have taken a prominent place 
in the Association’s programme, and rightly so, 
for they have promoted the advancement of 
science in many directions; but, while we recog¬ 
nise their value to scientific workers, we plead 
for something more for the great mass of people 
outside the section-rooms, for a statement of ideals 
and of service, of the strength of knowledge and 
of responsibility for its use. These are the sub¬ 
jects which will quicken the pulse of the com¬ 
munity and convert those who hate and fear 
science and associate it solely with debasing 
aspects of modern civilisation into fervent disciples 
of a new social faith upon which a lever made in 
the workshops of natural knowledge may be 
placed to move the world. 


Integration in the Living Organism. 

By Prof. W. M. Bayliss, F.R.S. 


T HE name “organism,” given to the individual 
units of living matter as they are met with 
in Nature, implies that these act as unified and 
co-ordinated entities. At the same time, it must 
be remembered that an organism considered apart 
from its environment is merely a theoretical ab¬ 
straction ; but, apart from the way in which they 
react to external influences, there must be means 
by which the activity of any one part is adjusted 
to the needs of the whole, and the investigation 
of these various means may be said to form a 
large part of modern physiology. In a general 
sense, it may be. looked upon as distinctive of the 
more recent outlook, for most of us are not con¬ 
tent with ascribing the mutual co-ordination of 
function to a presiding directive agency, be it 
called “entelechy,” “ 61 an vital,” or other mys¬ 
terious influence. We want to know more of the 
actual chemical and physical methods at work in 
the process, and we believe that it is possible to 
find out a great deal more about them than we 
know as yet. The change in the point of view 
of the physiologist may be realised better if we 
call to mind that it is no longer thought scientific 
to devote attention to the “functions of the liver,” 
for example, but to those processes, such as de¬ 
amination and regulation of carbohydrate supply, 
in which this organ plays a part in combination 
with various other tissues of the organism. We 
ask : What part does the liver play in the cor¬ 
related series bf changes associated with the using 
up of the materials of the food for the supply of 
energy to, and for the growth of the cells of, the 
organism as a whole? 

Broadly speaking, there are two great 
“systems”—to use a term, which is rather anti¬ 
quated in this sense—that serve as the means of 
communication between different parts of the 
higher animals—the nervous system and the 
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vascular system. There are corresponding means 
of communicating by messages or by actual trans¬ 
port of materials in the higher plants. As a first 
approximation, we may call the former physical 
and the latter chemical. These correspond to the 
“nervous” and “humoral ” factors of the French 
physiologists. The central nervous system, in 
addition to its obvious function of receiving im¬ 
pressions from the outer world and reacting upon 
it by reflexes to muscles, obtains messages from 
the various parts of the organism itself by means 
of appropriate receptors therein. Thus “effec¬ 
tors ”—muscles, glands, etc.—are modified in 
their activity, and the special requirements of 
active organs are met. For example, an active 
secreting gland receives an increased supply of 
blood, containing sugar and oxygen, by dilatation 
of the blood vessels to it. By the blood, or similar 
circulating liquid, a chemical substance made in 
one place is carried over the whole of the 
organism, and in special places adjusted to he 
sensitive to it brings about appropriate reactions, 
which may affect a large number of other orgians. 
Thus the carbon dioxide produced in active 
muscles reaches the respiratory nervous centre, 
exciting this to increase the ventilation of the 
lungs and supply more oxygen to the muscles by 
means of the blood. 

The comparison of the nervous system to the 
telegraphic circuits of a city has often been made, 
and is probably more to the point than is some¬ 
times thought, since there are many reasons for 
supposing that the passage of impulses along 
nerves is essentially of an electrical nature. The 
vascular system may similarly be compared to 
mechanical transport, by which coal, for instance, 
is conveyed in carts. In this latter case, material 
substances are sent from place to place. Perhaps 
a closer analogy to the blood vessels with their 
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